Background. Food fortification has been increasingly recognized as a promising approach to prevent micronutrient deficiencies. The Fortification Rapid Assessment Tool (FRAT) was developed to assist public health program managers to acquire the information needed to implement an effective mass food fortification program. Multiple countries have conducted FRAT surveys, but information on results and experiences with the FRAT tool has been available only at the national level.
Background
Micronutrient deficiencies constitute a major public health problem in lower-income countries, and food fortification is increasingly recognized as a promising approach to improve population micronutrient status in these settings. Fortification can be defined as the addition of one or more nutrients to particular foods so as to increase the intake of these nutrients and correct or prevent a demonstrated deficiency, thereby providing some health benefit [1] . World Health Organization (WHO) guidelines on food fortification describe three possible approaches: mass, targeted, and market-driven fortification [1] . Mass fortification refers to the addition of micronutrients to edible products, such as cereal flours, vegetable oils and fats, milk, and condiments, that are consumed regularly by a large proportion of the general public. The iodization of salt is an example of mass fortification that has achieved high levels of coverage in many countries [2] . Similarly, fortification of wheat flour with minerals and/or B vitamins and fortification of refined vegetable oil with vitamin A have become important public health programs in many countries [3, 4] .
For mass fortification programs to be effective, suitable food vehicles must be available, the local food industry must be sufficiently developed to be able to produce and distribute these foods, and the foods have to be accessible in adequate amounts to higher-risk subgroups of the population. The following steps are recommended to implement an effective Sonja Y. Hess, Kenneth H. Brown, Mawuli Sablah, Reina Engle-Stone, Grant J. Aaron, and Shawn K. Baker and sustainable mass food fortification program: 1) define the target population(s); 2) assess the intake and status of critical micronutrients and intake of potential food vehicles in the target population; 3) select the food vehicle(s); 4) select the fortification compound; 5) determine the level of fortification; 6) establish the regulatory parameters; 7) estimate costs and secure necessary financial support; and 8) develop a monitoring and evaluation plan [1] . The Fortification Rapid Assessment Tool (FRAT) was developed to assist public health program managers to acquire the information needed to complete several of these steps [5] . In particular, the purposes of the FRAT are to allow program managers to 1) evaluate whether fortification could be considered a viable public health intervention for controlling micronutrient deficiencies in a particular country; 2) identify potential food vehicle(s) and estimate the amounts consumed; 3) assess the likely population coverage of these vehicle(s); and 4) determine the appropriate level of fortification of a selected food vehicle. The FRAT was developed by PATH Canada in 1997/98 primarily for the implementation of vitamin A fortification programs and was subsequently field tested in Bangladesh, Brazil, and Burkina Faso [6] . Since the initial release of the FRAT guidelines in 2000 [5] , they were revised in 2003 [7] , and a number of countries, particularly in Africa, have used FRAT (or modified FRAT) surveys to plan their national fortification programs. Because the primary purpose of these surveys was to provide information at the national level, the publicly available information on previous FRAT survey results is very limited, and little is known about how the FRAT guidelines have been used and/or modified. The objective of the present paper is to summarize the findings of the FRAT surveys previously conducted in sub-Saharan Africa. This information was also used to reflect on the suitability of the instrument and to develop recommendations for possible modifications of the FRAT instrument and/or its application in national fortification surveys.
Overview of FRAT methodology
The FRAT guidelines [5, 7] are briefly described in the following section. In preparation for a FRAT survey, it is first recommended to determine the prevalence and distribution of micronutrient deficiencies to confirm that these are sufficiently widespread to be of public health concern. Two target population groups for FRAT surveys have been proposed, namely women of reproductive age (16 to 45 years) and young children, because these population subgroups have relatively high requirements for several micronutrients and elevated risks of deficiency. Whereas the earlier FRAT guidelines suggested targeting 12-to 36-month-old children [5] , the guidelines published in 2003 expanded the age range to 6 to 59 months [7] .
One of the key strategies of the FRAT methodology is a focus on a limited number of preselected foods that have a high potential to serve as vehicles for the food fortification program. Thus, one of the preliminary steps is to convene a group of key informants who are familiar with the dietary practices of the target population and the range of foods produced by the local food industry. The objective of this task force is to identify potential food vehicles for fortification [7] . Important characteristics of a potential food vehicle are that the product is consumed regularly and in constant amounts throughout the year by a large number of individuals at risk for the micronutrient deficiency or deficiencies of interest, that fortification of that food is technically feasible, and that it is centrally processed so that only one or very few fortification points are required.
The FRAT instrument combines a food frequency questionnaire and a simplified 24-hour recall and is designed to provide the minimum essential amount of information about consumption patterns of the preselected potential food vehicles [7] . The FRAT guidelines further describe the following five steps for implementation of the survey: 1) define the survey area and select the sampling areas; 2) recruit and train the interviewers; 3) adapt and translate the FRAT questionnaire and calibrate household measures; 4) pretest and finalize the FRAT questionnaire; and 5) select households and conduct the survey [5, 7] .
To assess whether there are regional differences in the consumption of a particular food, FRAT guidelines recommend stratified sampling [8] . This sampling method is used to generate information for subgroups living under specific geographic or ecological conditions and/or with specific food consumption patterns. For example, where a country is divided into urban and rural regions and rural regions are subdivided into different agricultural zones, each may be considered a separate stratum. Within each stratum, the FRAT guidelines recommend a standard cluster survey methodology using the probability proportionate to size sample selection method [7] . The sample size recommended by FRAT is 210 households with young children and women of reproductive age for each stratum. This sample size provides a precision of ± 10% to estimate (with 95% confidence) the percentage of individuals who consume each food within the specified time interval, and including an estimated design effect of 2 to accommodate for the cluster sampling [7] .
An important issue in assessing quantitative food consumption data is the measurement of portion sizes. FRAT guidelines recommend developing a list of common household utensils and calibrating these utensils to obtain the corresponding weights of each food vehicle. These measurements are then applied by the interviewer to convert the portion size reported by the respondent into grams of raw food vehicle [7] . For reporting the results, it is recommended to calculate continued the proportion of individuals who consumed the food vehicle and the estimated usual intake for each population group.
A food system assessment is also recommended as part of the FRAT survey to determine the feasibility of food fortification. Specifically, information concerning agricultural production, importation, distribution, and the manufacturing process of the food and technical capacity of the industry should be collected, as well as any relevant legislation, to guide the development of the fortification strategy. Criteria for when a food should be considered as suitable for fortification are also proposed in the FRAT guidelines [7] . In particular, fortification of a food vehicle is recommended if more than 90% of the target group(s) reportedly consumed the food vehicle during the previous 7 days. When a food is consumed by 30% to 90% of the target population, fortification may be worthwhile, but other vehicles or other public health interventions should also be considered. If the consumption of a food is reported to be less than 30%, it is not considered an appropriate vehicle for fortification. The FRAT guidelines further include instructions on how to calculate the level of fortification for a selected food vehicle, based on the amounts consumed.
Methods of present analysis
Besides the field testing of the initial FRAT instrument in Bangladesh and Brazil [6] , we were aware of only one FRAT survey completed outside Africa, in Honduras [9] . To enable a comparison across countries with somewhat similar dietary patterns, we limited the present review to FRAT surveys completed in Africa. Reports of previous FRAT surveys were identified by contacting institutions known to be actively involved in establishing food fortification programs throughout Africa and conducting internet searches using the key words "fortification rapid assessment tool" and "FRAT. " A total of 13 surveys were identified in sub-Saharan African countries. One of these surveys, which was done in Liberia, was not considered eligible for the present review because the FRAT protocol was not used and an expenditure-based approximation was employed to assess food consumption [9] . Copies of the remaining 12 FRAT survey reports were obtained and reviewed. These reports were from Burkina Faso [10] , Cameroon [11, 12] , Congo (also known as Congo Brazzaville) [13] , Guinea [14] , Malawi [15] , Mali [16] , Mauritania [17] , Mozambique [18] , Niger [19] , Rwanda [20] , Senegal [21] , and Uganda [22] . Information on the total population size, urban/rural distribution of the population, and nutritional status of children and women of the 12 African countries with FRAT surveys is shown in table 1 [23] [24] [25] [26] , and an overview on methodologies used by the individual surveys is provided in table 2.
When data were available, we summarized the results for the percentage of women and children who consumed a particular food during the previous 7 days. In the case of Congo and Mali, however, data were only available for the percentage of women who consumed the selected food during the past 24 hours, and so these results are included, despite the different time Unless the sample was nationally representative, the selection of rural strata differed by survey. Burkina Faso, for strata 2 to 4, one province was randomly chosen in each stratum; Congo, for strata 3 and 4, two departments were chosen based on high prevalence of poor nutritional status; Guinea, for strata 2 to 5, one sous-prefecture was randomly chosen in each stratum; Mauritania, one rural region was chosen by committee. scale. The frequency of food consumption during the previous 7 days and the amounts that were consumed during the previous 24 hours were also collected in most surveys. In many of the reports, the mean frequency and the median amount of food consumption were calculated for the whole sample, including both consumers and nonconsumers. For the purpose of this review, we report the results on frequency of consumption and amounts consumed by consumers only. Therefore, we estimated the mean number of days of food consumption within the past 7 days among consumers and the median amount of the food consumed within the past 24 hours among consumers, based on the combined results for all participants, as presented in the respective reports.
The decision regarding the specific foods to include in each food category for the FRAT survey differed from country to country. Whereas some countries, such as Cameroon, Congo, Mauritania, and Senegal, collected information on common wheat flour and durum wheat flour separately, most only collected data on common wheat flour used for bread, cakes, and biscuits. However, in some reports, the food categories were not clearly defined. For the purpose of the present review, the term "wheat flour" refers to the type of wheat flour typically used to make bread and other baked goods.
For the present analyses, we did not consider information from food system and market surveys. Moreover, we do not report estimates of recommended fortification levels, because the recommended methods for completing these calculations have been revised by WHO since the publication of the FRAT guidelines [1] .
Results
Among the reviewed FRAT surveys, 11 countries collected consumption information on sugar, 8 each collected information on wheat flour and vegetable oil, and 5 collected information on bouillon cubes, a condiment commonly added to sauces. Depending on food patterns in each country, some surveys also collected data on consumption of rice, maize flour, cassava flour, salt, tomato concentrate, processed complementary foods, and other items. Data on less frequently collected food vehicles will not be summarized in the present review.
The percentage of women who reported consuming wheat flour-containing products within the past 7 days ranged from 48% to 93% among the eight countries with relevant information (table 3) [10, 11, 13, 14, 17, 18, 21] . Wheat flour tended to be consumed by more women in urban strata (83% to 100%) than in nonurban strata (15% to 98%), with the lowest consumption rates in some rural strata in Burkina Faso (15% to 52%) and in two rural strata in Guinea (Basse Guinée, 40%; Guinée Forestière, 42%). In contrast, almost all women in Cameroon and Senegal reported consuming wheat flour in the past 7 days. In Congo, 99% of all women and 91% of all children had consumed a product containing wheat flour in the past 24 hours [13] . In Mali, approximately 57% of all women and approximately 72% of all children reportedly consumed wheat in the form of wheat flour, biscuits, and/or bread during the previous 24 hours [16] . Among consumers, wheat flour was consumed by women on average 3.3 days per week in Burkina Faso to at least once daily in Cameroon and Mozambique. In all countries, wheat flour was consumed more frequently in urban settings. The median amount of wheat flour consumed ranged from 49 to 108 g/day among the consumers in the eight countries. The lowest amounts were reported in rural strata in Burkina Faso (21 to 53 g/day). The consumption patterns of wheat flour reported for children were very similar to the results from their mothers (or caretakers), although the amounts consumed were less (table 4). The median amount of wheat flour consumed by children ranged from 44% to 82% of the median amounts consumed by women. Because consumption patterns of mothers and children were also similar for other food vehicles, we will limit the rest of the presentation to the consumption of oil, sugar, and bouillon cubes only among women. Vegetable oil was reportedly consumed by 44% to 98% of women during the previous 7 days in the [11, 14, 15, [18] [19] [20] [21] . The percentage of women who had consumed refined vegetable oil during the previous 7 days was higher in all urban strata (83% to 100%) than in nonurban strata (9% to 97%). Only 9% and 21% of the women in two rural Guinean strata (Basse Guinée and Guinée Forestière, respectively) and 41% of the women in the southern stratum of Cameroon reported consuming refined vegetable oil in the previous week. In Mali, approximately 62% of all women reported consuming oil during the previous 24 hours. Among those Malian women who had consumed oil, 93% reportedly consumed locally produced oil and only 7% consumed imported oil [16] . Among consumers, the frequency of oil consumption ranged from 3.1 days per week to daily. Although there was no obvious difference in the consumption frequency between urban and rural areas, oil consumption was less frequent in certain regions where red palm oil consumption is typically high. This was the case in the southern region of Cameroon, where red palm oil is often consumed instead of processed vegetable oil [11] . In Guinea, women stated that the reasons for not having consumed refined vegetable oil were the consumption of red palm oil and the lack of resources to purchase refined vegetable oil [14] . The median amount of vegetable oil consumed ranged from 4 g/day in Malawi to 60 g/day in Senegal [15, 21] . Sugar was considered a potential food vehicle in 11 sub-Saharan countries, where 55% to 99% of women reported consuming sugar in the past 7 days (table 6) [10, 11, 14, 15, [17] [18] [19] [20] [21] [22] . Similar to wheat flour and oil, sugar consumption in the past 7 days was more common in urban centers, ranging from 79% in Cameroon to 100% in Mauritania [11, 17] . The lowest percentage of women consuming sugar within the past week was 34% in the rural pastoral stratum of Burkina Faso. In Mali, 82% of the women reportedly consumed sugar in the previous 24 hours [16] . Although sugar consumption tended to be more frequent in urban settings than in rural settings, the difference between urban and nonurban strata in mean number of days of sugar consumption per week was not as large as that for wheat flour. The estimated median sugar intake in the past 24 hours ranged from 23 g/day in Burkina Faso to 69 g/day in Mauritania [10, 17] .
Five of the FRAT surveys included bouillon cubes as a food vehicle of interest (table 7) [10, 11, 19, 21] . In Mali, approximately 98% of all women reportedly consumed bouillon cubes in the previous 24 hours [16] . The consumption of bouillon cubes was also very frequent in Senegal, where 98% to 100% of the women reported consuming this type of seasoning within the past week, on an average of 6.6 to 6.9 days per week [21] . Bouillon cube consumption was similarly frequent in Cameroon and Niger [11, 19] and only a little less frequent in Burkina Faso, where consumers reported consumption on an average of 4.3 to 6.4 days per week [10] . The reported median amount of bouillon cubes consumed ranged from 2.1 to 4.3 g/day in urban strata and from 0.7 to 3.6 g/day in nonurban strata in Burkina Faso, Cameroon, Niger, and Senegal [10, 11, 19, 21] . The frequency and amount of bouillon cube consumption tended to be lower in nonurban strata, in particular in Niger.
Discussion
Twelve countries from across sub-Saharan Africa successfully implemented FRAT surveys from 1999 to 2011 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The results from eight countries showed that wheat flour was consumed frequently by women and young children. The proportion of the population consuming wheat flour and the frequency of consumption were greater in urban than in rural areas [10-14, 17, 21] . Along with many other countries in Africa, Cameroon, Guinea, Mali, Mauritania, Niger, and Senegal have since initiated a mandatory national wheat flour fortification program (table 8). Most of these programs require fortification with iron and folic acid [4] . Other micronutrients, such as zinc, vitamin B 12 , and other B vitamins, are often added voluntarily to the micronutrient premix [27, 28] . Assessments of the impact and effectiveness of some of these programs are planned, but are not yet available. The reported amounts of wheat flour consumed per day are fairly low and tend to be lower in rural than in urban areas [10, 11, 13] . This is particularly important to consider, as in most of the 12 countries (except Cameroon and Congo), the majority of the population live in rural regions [23] .
In view of the small amounts consumed and the recent recommendation for wheat and maize flour fortification [29] , an increase in the levels of fortification is currently being considered in many countries. FRAT results have also catalyzed initiatives for regional harmonization through the eight-nation West African Economic and Monetary Union (UEMOA), which comprises Benin, Burkina Faso, Côte d'Ivoire, Guinea-Bissau, Mali, Niger, Senegal, and Togo, and the 15-nation Economic Community of West African States (ECOWAS), which includes the UEMOA countries as well as Cape Verde, Gambia, Ghana, Guinea, Liberia, Nigeria, and Sierra Leone. In response to the new WHO recommendations for wheat flour fortification [29] , UEMOA recently drafted new guidelines and standards that mandate fortification of flour with 60 ppm iron as ferrous fumarate and 2.6 ppm folic acid and allow voluntary fortification with zinc, vitamin B 12 , and other B vitamins. The results of available FRAT surveys were used for establishing levels of fortification with the latter set of nutrients [10, 16, 19, 21] . In addition, per capita food availability based on Food Balance Sheets [30] and other technical considerations [1, 31] was taken into account when developing the new guidelines. Most countries are in the process of adopting these guidelines. Moreover, the ECOWAS Assembly of Health Ministers adopted a resolution on mandatory fortification of cereal flours and cooking oil, which is the basis of work to expand the UEMOA initiative to the rest of ECOWAS.
Both vegetable oil and sugar are being used for national vitamin A fortification programs in different countries [32, 33] . In most reviewed FRAT surveys, the results showed that both food vehicles were frequently consumed by women, with slightly higher reported frequencies for vegetable oil than for sugar consumption. Whereas both foods are promising vehicles in urban settings, due to frequent consumption and high amounts of reported intake, the FRAT surveys identified a lower range of frequency of sugar and oil consumption in the nonurban strata in Burkina Faso, Cameroon, Guinea, Niger, and Rwanda [10, 11, 14, 19, 20] . On the other hand, according to an analysis of the Uganda Household Budget Survey by Fiedler et al. [34] , rural, poor households who are most at risk for vitamin A deficiency purchase more sugar and would thus benefit disproportionately from fortification of sugar with vitamin A in that setting. To meet the vitamin A needs of the most vulnerable population in rural areas, it may be necessary to fortify more than one food vehicle with vitamin A. Results from the FRAT survey in Cameroon, for example, suggest that fortification of wheat flour, sugar, or bouillon cubes with vitamin A would substantially increase the proportion of the population that consumes potentially fortified foods, as compared with fortification of oil only (from 54% to 87-97%, depending on which additional food is fortified) [12] . At present, national programs for fortifying vegetable oil with vitamin A are mandated in Cameroon, Guinea, Niger, and Senegal and are voluntary in Burkina Faso, Mali, and Uganda, but regulated by governmental decrees [4] . Rwanda and Malawi are currently drafting official decrees for vitamin A fortification of sugar. In West Africa, sugar has not been chosen as a priority vehicle, for several reasons: the market is very fragmented, fortification of sugar is technically somewhat more complicated than fortification of cereal flours and cooking oil, and the relative cost of fortification is higher for sugar than for vegetable oil. The regional initiatives to harmonize regulations of food fortification through UEMOA and ECOWAS described above also include vitamin A fortification of cooking oil [35] . The current regional standard in UEMOA requires fortifying cooking oil with vitamin A as vitamin A palmitate at levels between 11 and 24 mg/kg of fortified oil.
Bouillon cubes were consumed frequently in Burkina Faso, Cameroon, Mali, Niger, and Senegal, and the reported amounts consumed in the past 24 hours were fairly consistent [10, 11, 16, 19, 21] . This is in agreement with findings from Household Income and Expenditure Surveys (HIES), in which 72% to 89% of all households in Burkina Faso, Cameroon, Côte d'Ivoire, and Guinea reported purchases of bouillon cubes during the survey-specific recall period, which ranged from 10 to 99 days [36] . Based on the findings of these FRAT surveys and private-public collaborative activities, at least one of the major bouillon cube producers in West Africa recently started to fortify their products with vitamin A. Another potential use of bouillon cubes would be as a vehicle for iodine to complement universal salt iodization, which still has suboptimal coverage in much of sub-Saharan Africa [37] . Concerns regarding the potential changes in organoleptic characteristics when bouillon cubes are fortified with other micronutrients, such as iron, loss during cooking, and effectiveness in view of the small amounts of the product consumed remain to be investigated. Concerns have also been raised about the desirability of fortification of bouillon cubes for a public health intervention and the degree to which fortification would be perceived as promoting increased consumption of these food additives.
A number of countries have collected information on consumption patterns of additional food items not reviewed above. These include tomato paste in Senegal, which was found to be consumed frequently by the majority of the target population (data not summarized) [21] . However, wheat and vegetable oil were consumed by an even larger proportion of the population and even more frequently, which led to the decision to fortify these food items as part of the national program [38] . In Rwanda, food items such as cassava, maize, and rice were also included in the FRAT survey [20] , and significant progress has been made in generating national fortification standards, not only for oil and sugar, but also for wheat and maize flour.
The FRAT tool has been implemented successfully in numerous countries, and the results have been used to initiate national fortification programs and to develop regional fortification standards. Once a program is implemented, it is important to monitor its progress. In an extensive review of dietary assessment methods for food fortification programs, Coates et al. [39] concluded that food frequency questionnaires and FRAT surveys are well-suited methods for assessing the reach and coverage of fortification programs. Although FRAT surveys have not yet been used for coverage assessment, the FRAT instrument may indeed be a useful tool for that purpose.
In reviewing the methods and results of the FRAT surveys, we noted a number of items that could be improved to increase the usefulness of the instrument. A key decision for planning surveys is whether the information is needed for the whole country or just specific subregions. The FRAT guidelines recommend using a stratified cluster survey, in which the country is divided into zones based on expected or known specific food consumption patterns and/or prevalence of micronutrient deficiencies [7] , as was done in many of the reviewed surveys [10, 13, 14, [16] [17] [18] [19] 22] . This approach is useful to provide insight into the need for or likely impact of fortification programs in different regions and risk groups. However, for the data to be useful on both the regional and the national level, there are two issues that must be taken into account: sampling within each stratum should be representative of the total population of the stratum, and the combined data from all strata must be appropriately weighted to be considered representative of the entire population of the country. To ensure representative data from a stratum, FRAT guidelines recommend selecting clusters in each independent sampling unit by following the probability proportionate to size sampling selection method [7] . Many of the reports reviewed in our analyses either failed to select a representative sample of each stratum or neglected to describe how the sample was obtained. Any future revision of the FRAT guidelines should provide more detailed information on the sampling procedures and suggest possible modifications based on recent experiences with the FRAT instrument and results obtained.
Because FRAT surveys are usually conducted using cluster sampling procedures, data analysis should account for within-cluster correlation (i.e., the fact that households in the same cluster tend to be more similar than households in different clusters). Additionally, if the survey is intended to be nationally representative, the results should also be weighted based on the actual population size of each stratum, as noted above. Although the FRAT guidelines recommend that results combining all strata should be weighted based on the population size in each stratum [7] , we were able to confirm that this was actually done in only two of the reviewed reports, those from Cameroon and Malawi [11, 15] . For future surveys, experts in survey design and statistical analysis should be included in the survey team or consulted throughout the project.
Final decisions on sampling and stratification may depend on the available budget. One option may be to integrate or piggyback the FRAT questionnaire with another nationally representative population-based survey, as was done in Cameroon and Malawi, where the FRAT was part of a larger survey of micronutrient status and other nutrition indicators [11, 15] .
Although many of the FRAT surveys collected some information on the demographic and socioeconomic characteristics of the survey population, most reports did not present results disaggregated by socioeconomic status. Only the survey in Cameroon investigated differences in food consumption among different socioeconomic classes and found that coverage was lower among households with lower socioeconomic status for most potentially fortifiable foods [12] . In most other countries, little is known about whether the poor populations in each stratum actually consume the food vehicles frequently enough and in sufficient quantity to provide a nutritional benefit to these presumably more vulnerable population subgroups. The lack of a more informative use of socioeconomic status data may be due to the fact that the FRAT guidelines only recommend comparing poorer regions versus richer regions rather than different socioeconomic classes [7] . Any future revision of the FRAT guidelines should include a recommendation to collect adequate information on socioeconomic status and provide instructions on how best to analyze and interpret the information.
A major challenge for any dietary assessment is the accurate estimation of portion sizes. Because the methods used to estimate amounts consumed were specific to each FRAT survey, and because the intensity of the training and the experience and supervision of fieldworkers may have varied substantially, the survey data may differ across countries in terms of quality and content. Critical review of the reported amounts of condiments, such as salt, sugar, and oil, consumed in the Rwanda Consumption Study led the investigators to abandon this specific aspect of the data collection [9, 20] . Difficulties were encountered in estimating both the amount of condiments included in recipes and the amounts added to an individual's portion at the time of serving. Although this is a challenge in all dietary surveys, it is not clear from available reports how other FRAT surveys dealt with this problem. In addition, it is unclear what, if any, efforts were made to avoid errors due to memory lapses by the respondents. Gibson and Ferguson recommend using a standardized interview protocol that includes probing questions and visual aids of the actual foods consumed [40] . An additional challenge in many parts of Africa is to estimate the amounts consumed from a shared bowl of food. In Senegal and Congo [13, 21] , the teams were trained to apply a weighting factor to estimate the individual amounts consumed by women and children who shared a meal from a common bowl. The FRAT guidelines should highlight the challenges mentioned above and emphasize specific areas where fieldworker training should focus. Moreover, uncertainties during data collection need to be taken into account when interpreting FRAT survey results, particularly when the level of fortification depends primarily on these assessments.
A related issue is the definition of foods included in the FRAT surveys. Ideally, only "fortifiable" foods should be considered during data collection and reporting. For example, decisions should be made whether to include unrefined and/or imported refined oils. Although the food system assessment that typically accompanies FRAT surveys reveals the feasibility of fortifying different food vehicles, it would be useful to relate information on the food industry to the data on food consumption to assess what proportion of the food vehicle would be fortified once the national program is in place. For example, if artisanal oil production is frequent in a country, the amounts of smallscale, locally produced oils that are consumed should be specified, as fortification of these oils would be more challenging than fortification of oils produced at larger, industrial scale. If and how the manufacturer of a particular food can be assessed during data collection should be explored further.
FRAT surveys typically yield two main pieces of information on food consumption: the proportion of the target group that has consumed the food at all in a specified period, and the frequency and/or amount of consumption. Because the fortification program will only affect those who consume the selected foods, it seems more appropriate to calculate the frequency and/or amount of food consumed only among those households that do consume the food. Inclusion of households that do not consume a food in the calculation of average food consumption will result in an underestimate of the per capita intake of foods among the groups actually reached by the intervention. Because some of the FRAT survey reports presented the results combining consumers and nonconsumers, we had to estimate the mean number of days of food consumption within the past 7 days among consumers and the median amount of the food consumed within the past 24 hours among consumers. Although we introduced some degree of uncertainty by estimating these data, the results presented should provide more relevant information in terms of the potential impact of the public health program.
As mentioned previously, the FRAT instrument includes instructions on how to calculate the level of fortification based on the survey results. Because the level of fortification requires a number of considerations and because WHO has since published more detailed instructions [1] , we would recommend that this section be removed from the FRAT guidelines.
In summary, the FRAT instrument has been used successfully in multiple countries, and the results obtained have been catalytic for initiating national fortification programs in sub-Saharan Africa. However, the recommended sampling scheme may need to be reconsidered, and the guidelines should be revised to clarify important aspects of fieldworker training, field implementation, data analysis and interpretation, and reporting of the results.
